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To be continued to the last page 
(54) [Title of the Invention] 

DEFECT CORRECTING METHOD OF ACTIVE MATRIX SUBSTRATE AND 
MANUFACTURING METHOD OF LIQUID CRYSTAL PANEL 

(57) [Abstract] 

[Problem] To correct, under a state of an active matrix 
substrate, a short-circuit defect between an upper electrode 
and a lower electrode owing to a pinhole defect in an auxiliary 
capacity part, 

[Means for Resolution] In the auxiliary capacity part 
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constituted by a common signal wiring 3 or a scanning wiring 
(lower electrode), an insulation film 7 and a picture element 
electrode 5 (upper electrode), in a case where a short-circuit 
between the lower electrode and the upper electrode is 
generated owing to a pinhole 12 of the insulation film 7, an 
upper electrode portion 13 around the short-circuit defect part 
12 is removed by irradiating a light energy. Since a defect 
correction is performed under the state of the active matrix 
substrate before being bonded together with an opposed 
substrate, effects of a refraction index and a transmittance 
of a glass substrate and a color filter forming part and effects 
on a liquid crystal orientation and so forth don't exist, so 
that no defective flows to a post-process. If a short 
wavelength laser that is an ultraviolet ray whose oscillation 
wavelength is 360 nm or less, for example, a 4th higher harmonic 
of YAG laser, is used, only the upper electrode around the 
short-circuit defect part can be precisely removed without 
exerting an effect on a lower layer film. 



[Claims ] 

[Claim 1] A defect correcting method of an active matrix 
substrate, in which — in the active matrix substrate in which 
plural scanning wirings and plural signal wirings are provided 
so as to mutually intersect, a picture element electrode 
connected to both the wirings through a switching element 
provided near an intersection part of both the wirings is 
provided, additionally plural common signal wirings are 
provided in a lower layer of the picture element electrode 
through an insulation film so as to be partially superimposed 
with the picture element electrode, and thereby there is 
constituted an auxiliary capacity part in which a common signal 
wiring portion in a superimposed part is made a lower electrode 
and a picture element electrode portion in the superimposed 
part is made an upper electrode — in a case where a 
short-circuit defect between the upper electrode and the lower 
electrode is generated, the defect is corrected, 

wherein an optional light energy is irradiated to a 
short-circuit defect part, thereby removing the upper 
electrode around the short-circuit defect part. 
[Claim 2] A defect correcting method of an active matrix 
substrate, in which — in the active matrix substrate in which 
plural scanning wirings and plural signal wirings are provided 
so as to mutually intersect, a picture element electrode 
connected to both the wirings through a switching element 
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provided near an intersection part of both the wirings is 
provided, additionally the scanning wiring adjoining the 
scanning wiring connected to the picture element electrode and 
the picture element electrode are partially superimposed 
through an insulation film, and thereby there is constituted 
an auxiliary capacity part in which a scanning wiring portion 
in a superimposed part is made a lower electrode and a picture 
element electrode portion in the superimposed part is made an 
upper electrode — in a case where a short-circuit defect 
between the upper electrode and the lower electrode is 
generated , the defect is corrected, 

wherein an optional light energy is irradiated to a 
short-circuit defect part, thereby removing the upper 
electrode around the short-circuit defect part, 
[Claim 3] A defect correcting method of an active matrix 
substrate set forth in claim 1 or claim 2 , wherein a laser light 
is irradiated as the light energy • 

[Claim 4] A defect correcting method of an active matrix 

substrate set forth in claim 3, wherein a laser that is an 

ultraviolet ray whose oscillation wavelength is 360 nm or less 

is used in order to irradiate the light energy, 

[Claim 5] A defect correcting method of an active matrix 

substrate set forth in claim 4, wherein a 4th higher harmonic 

of YAG laser is irradiated as the light energy. 

[Claim 6] A manufacturing method of a liquid crystal panel 



containing a process in which, after a defect has been corrected 
by a defect correcting method of an active matrix substrate 
set forth in any of claim 1 to claim 5, the active matrix 
substrate and an opposed substrate are bonded together and a 
liquid crystal is injected between both the substrates. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Belongs] The present 
invention relates to a method of correcting a defect in a case 
where a short-circuit defect is generated in an auxiliary 
capacity part in an active matrix substrate used in an AV (Audio 
Visual) equipment such as television set, an OA (Office 
Automation) equipment such as word processor, and an 
information terminal display equipment such as notebook type 
personal computer, and to a method of manufacturing a liquid 
crystal panel. 
[0002] 

[Prior Art] A liquid crystal display unit in which an 
electro-optical effect of the liquid crystal is utilized at 
present in the display unit is utilized in various fields such 
as the OA equipment and the AV equipment, besides the 
information terminal display equipment such as the notebook 
type personal computer. 

[0003] This liquid crystal display unit has an active matrix 
substrate possessing mutually intersecting gate signal wire 
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(scanning wiring) and source signal wire (signal wiring) , many 
picture element electrodes formed in a matrix-like form, a 
switching element for controlling the picture element 
electrodes, and the like. And, it has a constitution in which 
this active matrix substrate and an opposed substrate 
possessing a color filter, opposed electrodes and the like are 
bonded together such that mutual electrode forming faces are 
faced while keeping a predetermined interstice, and a liquid 
crystal layer is interposed in the interstice between both the 
substrates . 

[0004] A manufacturing process of this active matrix substrate 
is complex, and it is obliged to pass through many manufacturing 
processes. For this reason, defects such as an inclusion of 
foreign matter and a short-circuit between the picture element 
electrodes and the scanning wiring or the signal wiring are 
liable to occur, and it is very difficult to make them 
completely zero. Accordingly, in order to improve a 
production yield, it becomes a very important problem to early 
detect these defects and perform a correction as occasion 
demands . 

[0005] Hitherto, there has been proposed a method in which, 
after a liquid crystal panel has been produced by bonding 
together the above active matrix substrate and the opposed 
substrate and injecting the liquid crystal between both the 
substrates, it is detected whether or not a line defect and 
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a point defect exist by performing a lighting test f and that 
defect portion is corrected by using a redundant structure or 
the like, if it is correctable one. 

[000 6] However, in the case where the defect is detected after 
the active matrix substrate and the opposed substrate have been 
bonded together and the liquid crystal has been injected 
between both the substrates to thereby produce the liquid 
crystal panel, the liquid crystal panel which has a serious 
defect and in which that defect cannot be corrected has to be 
discarded. Accordingly, there has been a problem that the 
production yield is reduced in a post-process and thus a 
manufacturing cost becomes high. 

[0007] Whereupon, in recent years, it has become desirable that 
the serious defect is detected under a state of the active 
matrix substrate before being bonded together with the opposed 
substrate and, further, a correctable defect such as 
short-circuit defect is corrected in a pre-process. And, it 
has become possible to detect, under the substrate state, the 
defect by a method such as image processing and resistance test, 
and with this it has been being performed to make such a process 
system that the defect is corrected under the substrate state, 
thereby flowing no defective to the post-process. 
[0008] 

[Problems that the Invention is to Solve] By the way, in the 
above liquid crystal display unit, there is known a 
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constitution in which, in order to improve a display quality, 
the picture element electrode and the common single wiring or 
the adjoining scanning wiring are partially superimposed 
through an insulation film, and a superimposed part is made 
the auxiliary capacity part. 

[0009] In the above constitution, in a case where the 
short-circuit defect occurred between an upper electrode (the 
picture element electrode) and a lower electrode (the common 
signal wiring or the scanning wiring) of the auxiliary capacity, 
since an electric potential of the same phase as an opposed 
electrode is applied to the picture element electrode 
short-circuited with the common signal wiring, it always 
becomes a bright spot in a normally white mode which becomes 
a main stream at present, so that the display quality is reduced. 
On the other hand, since a constant electric potential which 
is minus with respect to the opposed electrode is being almost 
always applied to the picture element electrode short- 
circuited with the scanning wiring, it almost always becomes 
a black spot in the normally white mode which becomes the main 
stream at present, so that the display quality is reduced. 
[0010] In the case where such a defect occurred, if it is 
attempted to correct it after a production of the liquid crystal 
panel like the prior art, a utilizable laser is limited owing 
to effects of a refraction index and a transmittance of a glass 
substrate and a color filter forming part and effects on a 



9 



liquid crystal orientation and the like, so that it could not 
be corrected to a normal picture element. 

[0011] The invention is one made in order to solve such problems 
of the prior art, and its object is to provide a defect 
correcting method of an active matrix substrate and a 
manufacturing method of a liquid crystal panel, in each of which 
a short-circuit defect between an upper electrode and a lower 
electrode in an auxiliary capacity part can be corrected under 
a state of the active matrix substrate before being bonded 
together with an opposed substrate. 

[0012] [Means for Solving the Problems] A defect correcting 
method of an active matrix substrate of the invention is a 
method in which --in the active matrix substrate in which 
plural scanning wirings and plural signal wirings are provided 
so as to mutually intersect, a picture element electrode 
connected to both the wirings through a switching element 
provided near an intersection part of both the wirings is 
provided, additionally plural common signal wirings are 
provided in a lower layer of the picture element electrode 
through an insulation film so as to be partially superimposed 
with the picture element electrode, and thereby there is 
constituted an auxiliary capacity part in which a common signal 
wiring portion in a superimposed part is made a lower electrode 
and a picture element electrode portion in the superimposed 
part is made an upper electrode — in a case where a 
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short-circuit defect between the upper electrode and the lower 
electrode is generated, the defect is corrected, wherein an 
optional light energy is irradiated to a short-circuit defect 
part, thereby removing the upper electrode around the 
short-circuit defect part; and by this fact the above object 
is achieved . 

[0013] A defect correcting method of an active matrix substrate 
of the invention is a method in which — in the active matrix 
substrate in which plural scanning wirings and plural signal 
wirings are provided so as to mutually intersect, a picture 
element electrode connected to both the wirings through a 
switching element provided near an intersection part of both 
the wirings is provided, additionally the scanning wiring 
adjoining the scanning wiring connected to the picture element 
electrode and the picture element electrode are partially 
superimposed through an insulation film, and thereby there is 
constituted an auxiliary capacity part in which a scanning 
wiring portion in a superimposed part is made a lower electrode 
and a picture element electrode portion in the superimposed 
part is made an upper electrode — in a case where a 
short-circuit defect between the upper electrode and the lower 
electrode is generated, the defect is corrected, wherein an 
optional light energy is irradiated to a short-circuit defect 
part, thereby removing the upper electrode around the 
short-circuit defect part; and by this fact the above object 
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is achieved. 

[0014] It is preferable that a laser light is irradiated as 
the light energy. 

[0015] It is preferable that a laser that is an ultraviolet 
ray whose oscillation wavelength is 360 nm or less is used in 
order to irradiate the light energy. 

[0016] It is preferable that a 4th higher harmonic of YAG laser 
is irradiated as the light energy. 

[0017] A manufacturing method of a liquid crystal panel of the 
invention contains a process in which, after a defect has been 
corrected by a defect correcting method of an active matrix 
substrate of the invention, the active matrix substrate and 
an opposed substrate are bonded together and a liquid crystal 
is injected between both the substrates; and by this fact the 
above object is achieved. 

[0018] Hereunder, it is explained about actions of the 
invention. 

[0019] In the invention, in the auxiliary capacity part 
constituted by the common signal wiring or the scanning wiring 
(lower electrode) , the insulation film and the picture element 
electrode (upper electrode), in the case where the short- 
circuit between the lower electrode and the upper electrode 
is generated, the light energy is irradiated, thereby removing 
the upper electrode around the short-circuit defect part. By 
this, the short-circuit defect part and the picture element 
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electrode are isolated, so that the short-circuit between the 
lower electrode and the upper electrode is solved. Since a 
defect correction is performed under the state of the active 
matrix substrate before being bonded together with an opposed 
substrate, there are no effects of the refraction index and 
the transmittance of the glass substrate and the color filter 
forming part and no effects on the liquid crystal orientation 
and so forth like the case where the defect correction is 
performed under the liquid crystal state, so that a reliability 
of the correction is improved. Since no defective flows to 
a post-process and there is also no necessity to previously 
provide a redundant structure for the defect correction, a 
production yield is improved. 

[0020] If the laser light is used as the light energy, since 
the working is possible by a non-contact, the correction can 
be performed rapidly and easily. 

[0021] If a short wavelength laser that is an ultraviolet ray 
whose oscillation wavelength is 360 nm or less, for example, 
a 4th higher harmonic of YAG laser, is used, only the upper 
electrode around the short-circuit defect part can be precisely 
removed without exerting an effect on a lower layer film. 
[0022] 

[Mode for Carrying Out the Invention] Hereunder, it is 
explained about embodiments of the invention while referring 
to the drawings . 
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[002 3] (Embodiment 1) In this embodiment, it is explained about 
an active matrix liquid crystal panel of a Cs on Common 
structure. 

[0024] Fig.l is a plan view of a liquid crystal panel of the 
embodiment 1 , and Fig .2 is a sectional view of I-I ' line portion 
of the same. 

[0025] In this liquid crystal panel, as to an active matrix 
substrate, a scanning wiring 2 and a signal wiring 4 are 
provided on a glass substrate 11 while being mutually 
intersected and, in the vicinity of an intersection part of 
both the wirings, a TFT (Thin Film Transistor) is provided as 
a switching element 6. In a rectangle-like region partitioned 
by both the wirings, a picture element electrode 5 is disposed 
in a matrix-like form, and connected to both the wirings through 
the switching element 6 . 

[002 6] Additionally, between the adjoining scanning wirings 
2, a common signal wiring 3 is provided in a direction parallel 
to the scanning wiring 2 and, thereon, the picture element 
electrode 5 is partially superimposed through an insulation 
film 7. An auxiliary capacity part 1 is constituted from the 
common signal wiring 3, the insulation film 7 and the picture 
element electrode 5 in the superimposed part. The common 
signal wiring 3 comprises a metal thin film, for example Ta 
and Al etc. , of about 300 nm - 500 nm in thickness, the picture 
element electrode 5 comprises a transparent conductive film, 



for example ITO (Indium Tin Oxide) etc., of about 100 nm - 200 
nm in thickness , and the insulation film 7 comprises an 
insulation film (gate insulation film), for example SiN x and 
SiO x etc., of about 300 nm - 500 nm in thickness. 
[0027] This active matrix substrate is bonded together with 
an opposed substrate in which an opposed electrode 9 is provided 
on a glass substrate 10, and a liquid crystal layer 8 is 
interposed between both the substrates. 

[0028] In this liquid crystal panel, as shown in Fig. 2, in a 
case where a pinhole 12 is generated in the insulation film 
7 and thus the common signal wiring 3 and the picture element 
electrode 5 in the auxiliary capacity part are short-circuited, 
since an electric potential of the same phase is applied to 
the opposed electrode 9 and the common signal wiring 3, no 
electric potential is applied between the picture element 
electrode 5 short-circuited with the common signal wiring 3 
and the opposed electrode 9 . Therefore, it is always displayed 
as the bright spot in a normally white mode liquid crystal which 
becomes the main stream at present, so that it becomes a very 
conspicuous defect reducing the display quality. 
[0029] If such a short-circuit defect in the auxiliary capacity 
part 1 is corrected under a liquid crystal panel state like 
the prior art, the correction is difficult owing to effects 
of the refraction index and the transmittance of the glass 
substrate and the color filter forming part and effects on the 
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liquid crystal orientation and the like. Further, there is 
also a fear that debris and foreign matters scattered by the 
correction remain in the liquid crystal layer, thereby 
generating a display badness. 

[003 0] Whereupon, as shown in Fig. 3, in this embodiment, under 
an active matrix substrate state before being bonded together 
with the opposed substrate, a light energy is irradiated to 
the short-circuit defect part 12, thereby performing a defect 
correction. A detection of the defect can be detected by the 
method such as image processing and resistance test. 
[0031] Here, if a fundamental wave of YAG laser or the like 
is irradiated, since there is a fear that a lower layer film 
is effected and thus the common signal wiring 3 is cut, a short 
wavelength laser such as a 4th higher harmonic (266 nm) of YAG 
laser is used in this embodiment. 

[0032] By this, as shown in Fig. 4, the pinhole 12 is isolated 
from the picture element electrode 5 by removing a picture 
element electrode portion 13 around the short-circuit defect 
part, and thereby it is possible to solve the short-circuit 
between the upper electrode and the lower electrode in the 
auxiliary capacity part. 

[0033] Incidentally, since a reduction of the auxiliary 
capacity part 1 exerts an influence on a display state of the 
picture element, it is necessary that an area to be removed 
by irradiating the light energy is adjusted to, for example, 
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within 2 \imd - 5 \xm □ or the like by considering a design margin 
(for example, within ±5%). 

,[0034] In a portion where the picture element electrode 5 has 
been removed, since no electric potential is applied between 
it and the opposed electrode, a light leak is generated, but 
no problem occurs because the common signal wiring 3 is formed 
by a metal thin film having a shading ability such as, for 
example, Al, Ti and Ta. 

[003 5] By bonding the active matrix substrate defect-corrected 
in this manner and the opposed substrate together and injecting 
the liquid crystal into the interstice between both the 
substrates, the liquid crystal panel of this embodiment is 
obtained . 

[003 6] (Embodiment 2) In this embodiment, it is explained about 
an active matrix liquid crystal panel of the Cs on Gate 
structure. 

[003 7] Fig. 5 is a plan view of a liquid crystal panel of the 
embodiment 2, and Fig. 6 is a sectional view of II-II' line 
portion of the same. 

[003 8] In this liquid crystal panel, as to the active matrix 
substrate, the scanning wiring 2 and the signal wiring 4 are 
provided on the glass substrate 11 while being mutually 
intersected and, in the vicinity of the intersection part of 
both the wirings, the TFT (Thin Film Transistor) is provided 
as the switching element 6. In the rectangle-like region 
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partitioned by both the wirings, the picture element electrode 
5 is disposed in the matrix-like form, and connected to both 
the wirings through the switching element 6 . 
[0039] Additionally, the picture element electrode 5 is 
extended onto the scanning wiring 2 adjoining the scanning 
wiring 2 connected to the picture element electrode 5, and 
partially superimposed with the scanning wiring through the 
insulation film 7. The auxiliary capacity part 1 is 
constituted from the scanning wiring 2, the insulation film 

7 and the picture element electrode 5 in the superimposed part. 
The scanning wiring 2 comprises the metal thin film, for example 
Ta and Al etc. , of about 300 nm - 500 nm in thickness, the picture 
element electrode 5 comprises the transparent conductive film, 
for example ITO etc., of about 100 nm - 200 nm in thickness, 
and the insulation film 7 comprises the insulation film (gate 
insulation film), for example SiN x and SiO x etc., of about 300 

nm - 500 nm in thickness. 

[004 0] This active matrix substrate is bonded together with 
the opposed substrate in which the opposed electrode 9 is 
provided on the glass substrate 10, and the liquid crystal layer 

8 is interposed between both the substrates. 

[0041] In this liquid crystal panel, as shown in Fig. 6, in the 
case where the pinhole 12 is generated in the insulation film 
7 and thus the scanning wiring 2 and the picture element 
electrode 5 in the auxiliary capacity part are short-circuited, 
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since a constant electric potential which is minus with respect 
to the opposed electrode 9 is almost always applied to the 
scanning wiring 2, an electric potential is almost always 
applied between the picture element electrode 5 short- 
circuited with the common signal wiring 3 and the opposed 
electrode 9. Therefore , it is almost always displayed as the 
black spot in the normally white mode liquid crystal which 
becomes the main stream at present, so that it becomes a defect 
reducing the display quality. 

[0042] If such a short-circuit defect in the auxiliary capacity 
part 1 is corrected under the liquid crystal panel state like 
the prior art, the correction is difficult owing to effects 
of the refraction index and the transmittance of the glass 
substrate and the color filter forming part and effects on the 
liquid crystal orientation and the like. Further, there is 
also the fear that debris and foreign matters scattered by the 
correction remain in the liquid crystal layer, thereby 
generating the display badness. 

[0043] Whereupon, as shown in Fig. 7, in this embodiment, under 
the active matrix substrate state before being bonded together 
with the opposed substrate, the light energy is irradiated to 
the short-circuit defect part 12, thereby performing the defect 
correction. The detection of the defect can be detected by 
the method such as image processing and resistance test. 
[0044] Here, if the fundamental wave of YAG laser or the like 
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is irradiated, since there is a fear that the lower layer film 
is effected and thus the scanning wiring 2 is cut, the short 
wavelength laser such as a 4th higher harmonic (266 nm) of YAG 
laser is used in this embodiment. 

[0045] By this, as shown in Fig. 8, the pinhole 12 is isolated 
from the picture element electrode 5 by removing the picture 
element electrode portion 13 around the short-circuit defect 
part, and thereby it is possible to solve the short-circuit 
between the upper electrode and the lower electrode in the 
auxiliary capacity part. 

[004 6] Incidentally, since the reduction of the auxiliary 
capacity part 1 exerts the influence on the display state of 
the picture element, it is necessary that the area to be removed 
by irradiating the light energy is adjusted to, for example, 
within 2 [xid - 5 [im or the like by considering the design 
margin (for example, within ±5%). 

[004 7] In the portion where the picture element electrode 5 
has been removed, since no electric potential is applied 
between it and the opposed electrode, the light leak is 
generated, but no problem occurs because the scanning wiring 
2 is formed by the metal thin film having the shading ability 
such as, for example, Al, Ti and Ta. 

[004 8] By bonding the active matrix substrate defect-corrected 
in this manner and the opposed substrate together and injecting 
the liquid crystal into the interstice between both the 
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substrates, the liquid crystal panel of this embodiment is 
obtained . 

[004 9] Incidentally, in the embodiment 1 and the embodiment 
2, when isolating the short-circuit defect part and the picture 
element electrode by removing the upper electrode around the 
short-circuit defect part, it is also possible to leave the 
short-circuit part and remove only a portion around the 
short-circuit part if (1) the reduction of the auxiliary 
capacity part 1 is a degree exerting no effect on the display 
quality, and (2) no light leak occurs. 

[005 0] In the embodiment 1 and the embodiment 2, the 4th higher 
harmonic of YAG laser was used as the light energy, but other 
laser may be used if conditions can be set such that no effect 
is exerted on the lower film. 

[0051] Additionally, a method utilizing the light energy other 
than the laser light, such as radiant ray and plasma, is also 
possible . 
[0052] 

[Advantages of the Invention] As detailedly mentioned above, 
in the case according to the invention, under the state of the 
active matrix substrate before being bonded together with the 
opposed substrate and before the liquid crystal is injected, 
the correction to the normal picture element can be performed 
by solving the short-circuit defect between the upper electrode 
and the lower electrode in the auxiliary capacity part, which 
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has hitherto been difficult to be corrected. Therefore, a 
manufacturing cost can be suppressed to a minimum limit by 
performing such that no correction badness flows to the 
post-process, and a sharp cost down can be intended by 
increasing the production yield. Additionally, since the 
defect correction is performed under the state of the active 
matrix substrate, a cleaning after the correction is possible, 
and a reliability of the correction can be improved because 
no foreign matters remain in the liquid crystal layer. 
[Brief Description of the Drawings] 

[Fig.l] It is a plan view showing a schematic constitution of 
a picture element part in a liquid crystal panel of an 
embodiment 1 . 

[Fig. 2] It is a sectional view for explaining a short-circuit 
defect of an auxiliary capacity part in the liquid crystal panel 
of the embodiment 1 . 

[Fig. 3] It is a sectional view for explaining a defect 
correcting method of an active matrix substrate of the 
embodiment 1 . 

[Fig. 4] It is a sectional view for explaining the defect 
correcting method of the active matrix substrate of the 
embodiment 1 . 

[Fig. 5] It is a plan view showing a schematic constitution of 
a picture element part in a liquid crystal panel of an 
embodiment 2 . 
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[Fig. 6] It is a sectional view for explaining a short-circuit 
defect of an auxiliary capacity part in the liquid crystal panel 
of the embodiment 2. 

[Fig. 7] It is a sectional view for explaining a defect 
correcting method of an active matrix substrate of the 
embodiment 2 . 

[Fig. 8] It is a sectional view for explaining the defect 
correcting method of the active matrix substrate of the 
embodiment 2 . 

[Description of Reference Numerals] 

1 auxiliary capacity part 

2 scanning wiring 

3 common signal wiring 

4 signal wiring 

5 picture element electrode 

6 switching element 

7 insulation film (gate insulation film) 

8 liquid crystal layer 

9 opposed electrode 
10, 11 glass substrate 

12 short-circuit defect part (pinhole) 

13 picture element electrode portion removed by laser 
irradiation 
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FIG 4 

LASER IRRADIATION 



FIG. 8 

LASER IRRADIATION 
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[0 0 0 1 ] 

h$OAV (Au d i o Visual) «S J 5>»7— K 
:/nir 7t^<7)OA (Office Automati 

on) «8S, / — hT/y^fi^-y-Jvua^fcTa — ** 



[0 0 0 2] 

>e^-^«?(Of»«J»***«tgSrttD*i: It, OA 

[0003] rco^ B e 0 ^^g^ x s^ic^s-fay— 

f:7^r^/v h y ^^S|g^tlti/^ 0 tit, - 

[0004] ror^f^yv h y ^^SffioSJjgxg 

m<ir^tte#mzmmxibz>o aot, m^o^isfe 

[0 0 0 5] tt*"Ctt, JbfGT^^^y-^ h y ^^SS 
T^ B B 0 ^°^/i-^^Lfc^T^T^^fToT^^^ 

[0 0 0 6] L^UftdSfe^ 7^f^7vMi^^S^ 

£ «■ t Sri* 9 m&$L<Dmzm$*&&7< 

[0007] t^-e, ia^r-fi, ^SStlW^ 

miE^Z^ttimi£tiZ£o\cf£<>XZti 0 tit, r 

[0 0 0 8] 
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[0009] ±fe«j£jc:io^-c, mm^st(D±^mm 

[ooio] roj: iteXtbffi±C1tm&. Vt^coXo 
[0 0 11] 

[0 0 12] 

K T £15 tfi £ ^ M&X m & ± C X v n £ * R5 £ <^3E 
[0 0 13] *«SOT^T>f^ h y ?*mWi<DXtih 



[0014] wie*^*^*-- t itu- if— yt&mftt 

[0 0 15] «TlE3t3i*^*-Srfla4ti-5^:«>^*«jS[ 
gtf* 3 6 0 n mKJLTO^IS-CfoS l^— if — Srffl^S tf> 

[0016] Bfrlfift^A^— £ LtYAG I — if— <D 

[0 0 17] ^^(OfKfi^^^/u^Siieirffi^x *3BK 

[0 0 18] J^T, *%P^^f^ffl(wOV>TSftl^i-5 0 
[0 0 19] *««i:fcotlt *iiffi-g-IB«ft*fc(ijfe 

xmj&£ti%ffi®®mmz&\,^x, Tummt±^mm 
t<Dm&!Kfofr$itx^z>m&\z-. 
\^xmmxf&&mm<D±&mm&?&3z-tz>o ^tucx 

nmknmmmmztiZo ttfammk<Df&y)&t>&m 

COT 9 4 bV ? x&fc<Dtf:mxX$&fgJE$:ft 0 (O 

fifltitS:R^r*3<fK«t>ftV^T\ 
[0 0 2 0] rojt^^^f— LT U— if— 3t*fflV^ 

[0 0 2 1 ] 3Bfiafcft# 3 6 0 n m«T^Mi-Cfc§ 
S&gU— if-, ^J^tfYAGU— if— cD^4iSHffi?r 

[0022] 

[0 0 2 3] (Hlfe^ffi 1 ) fcMMl&MXteC s on 
C ommo i\mi&cOT J 7^ b V ^^R*^-*^ 

[0024] 01 teHJSTfciis 1 o^ H H H /^/K7)5f Big-e 

[0 0 2 5] ^^O^ a a B ^^^/KC^oV^-C > T $ 4 7^ b 

VfxmWil*. #7*S1Sl i±lc:*3lEEI*2*5J:tJ 8 « 
#ia»4^Sv^^^LT89:fte>ix, Sia^co^M^ifi 

6iLTTFT (Slllh7y^ 

igc{c(i^m^5 7)w h y ^^^t^safi^n. ^^^f 
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[0 0 2 6] Sblc, 2 <nfBHa*te& 

±.izt&mm 7 Lt^iis 5 ^— sfBafi lt^s. 

5 7)*b*Mft«ft»l**«**ixTV^S. *iiff-^iEj»3 
(il?^ 3 0 0 n m - 5 0 0 n mggl^^I WI, 0flx.f£ 
T a 1 *#frbt£ *) , 5 fiff* 1 0 0 n m — 

2 0 0 n mSff^SM^ffllS, WAtf I TO ( I n d i 
urn Tin Oxide) & 0 , JftliJR 7 fij? 

^3 0 0 nm-5 0 0 nmeM|g hj&ft 
JR) , m*.liS i N X ^S i O x «Pa»<bfc5 0 

10 0 2 7] :OT^r^vhy^^Sift 

Sttl 0±(C^-r^m«9^^it^^/ii^^S«^I£ , 9^ 

[0 0 2 8] r<Z)fRfi/^Hc:*3V^T, I2 2ic^-rj:5 

#iMHHBIft3 j:tt»tti5 £^&*&LT^£4§<£\ *t 
ft®® 9 £ -^ifi^ 3 tttiai isffiffio«ffidSHJJp * 

[0 0 2 9] 9***^*SBl^S^W&«r^* 

[0 0 3 0] ^SUdBBHSTtt, [13 3 ^y^-tx o 

(O^Ciot^ffit^ r t &X% Z> 0 
[0 0 3 1] YAGl/-f-0S$fi§?:M 

*bS*5-t4X3&sfcSfc«), *IIJ£^liT^YAG^— If— 
0^4ii5^iS (2 6 6 nm) ^^SSft U— if — Srffll^ 

[0 0 3 2] rtucj;*?, EI4(;i^-*-«fc ®^R6 

§IS/li220^m®^ 1 3 It fc° y^- 1 2 4: 

[0 0 3 3] tt*5 % ffigb^SSR 1 o«^iiJ£Sf <7>;S*tfc 
SffiSff*. iatf-^-^v («x.tf±5%«T*) 

[0 0 3 4] KfeiH««5**l»*$ttfcSB»-ei± % *ff6]« 



[0 0 3 5] cicoj; ^^^PfefitiE^ttfcr^^^^ h 
y ^ *gjg£ *tftg*££ «:ftS f9 ^to*TW*«OBWBlc 

[0 0 3 6] (HJfiJfcflg 2 ) **KSJB18"ett C s on 
Ga t etffagtf>T*x>f ^ h y ^^bV^MCIO 

[0037] 05 ttHjssjgjg 2 (Dm&'^sw^mmx 

[0 0 3 8] r<^ B V^;w;::Jo^-t\ T^v-^-f-^Y 

[0 0 3 9] tk3tWM5l*s ^(Otk^WSSkZ. 

5 0 r^iSffi^SEj»2, ^JK7^J:t> + ^®® 

^3 00n m — 5 0 0 n mHAD&JRiWR* &l?LtiT a 
^AlW>64 9, ^il«5imi0 0nm-2 0 
0nmI$(OgPMlE fRtflTO^e)*^ |fi 

7 ttff * 3 0 0 nm-5 0 0 n mgfl?<0|6j|SIR 
- hJftJRK) , mx.ti S i N X ^S i O x ^>b*5 0 
[0 0 4 0] r^T^f-f^hy^^Sfilt 

friir^n, ^^S«or«^(c^B ^ B @8^^^^ ^ xv^^ 0 

[0 0 4 1] r<0^a^^^/KCjoV>T, Ej6{-^i-«t-9 

\tn s tux v ^ 5 fc , #&«-«a*i 3 {^gs l fc 

$ti^o iot, m&±ffibteiX^z;—*\)*7>( 

[0 0 4 2] ^OJ; 9 ^MSb^^a l co^^&^pfe^t** 

[0 0 4 3] *r"C, *HJ6^«8-Ctt, 07(0^9 



(5) 



ftffl 2000-3472 



[0 0 4 4] ^CT\ YAG U-1f-^S*ifi^S:figSt 

fc*ix*s*)5fc*, $IMtliYAGi/- !f— com 

(2 6 6 nm) ^(DgKf If — V > £ D 

[0 0 4 5] H8td7Fi- i ffijf&^ffe 

»jaia<a*£iRfSffia# i 3 it ev*— /u i 2 £ 

[0 0 4 6] M#)^ffi£f5 1 O#*ttflft*0)**:R 

tt> 0»Jx.tf2 ^ mD—5 ^ mD&rt^WWSEi-SiMI 
[0 0 4 7] |fe*mS5dS|lft*S*tfcSB»t?tt, »rftj« 

J&S, jfaSiHiSft 2 A l^Ti, T a $f(Dm%:&<D 

[0 0 4 8] rcoi 5^R&^*tt^T^^-Y^ h 

[0049] /«c*5, ±w>nmi&mi*3£x$nnten2{c 

»i»»«it*:iiBti-»iKc, (1) i*> 
m&$m7F&m^&^*^tt^ug.x&>*) , (2) * 

[0 0 5 0] ±|ESIJte»«8 1 Rt^llJ6^2 IC^Ttt 
Jt^*;V3?—h LTYAG If — 0»4 iSBSigtSrfflV^ 

[0 0 5 1] £<bl-> *Sc#t^^7X^^ % U— 1f— # 
[0 0 5 2] 

la*, ttfa&fckf&V&ttxm$k&&A1r%m<DT# 

"r^y-* b v ?*mwL<oymx, ^x\±miEtmmx 



[mi] i6*««8iojsfi^*^(-fc«t4te*aB«>«B& 
[in 2 ] nmm 1 ^jKft^^/^cfcttsttsib^fisso 

[03] HWi l <^)7 ^ r y v h y ^ ^Sffi^^ 

[in 4] 3U6^i^r^x>f^ h y ?xm&<DXf& 

«FE*jfeS:BiW-r-5fc«)C0Wfffiia-e*>5o 
[HI 5] ^^ffi2(Z)ffi H B B /^/UiC^{t5^glSO«B& 

[06] nm&m2 (om^^Mz.»»^wmnwM(o 

IE 7 1 Jlffi^ffi2<OT^^>f ^ h y ^^S«OjXR6 
[0 8] H»l207^r>f ^ h y ^*S«0:fcfi& 
[^-5§-<£>lftl£] 

1 ffimmmi® 

2 ^fiian 

3 ^mm^m 

4 ff-^ffi*| 

5 $cl^f 1§!l3il 

6 yf-^PHk^ 

8 m&m 

9 *j-fRjflMS 

10, 11 U^^&WL 

1 2 ffi»^Pfe«fB (fVTfr-yU) 

1 3 i^-if-BHt+tcj: ^ v&izZtizt&mmmiftft 
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